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RECENT DEVELOPMENTS IN THE DESIGN AND 
CONSTRUCTION OF HIGHWAYS 


RayMonpD W. Cospurn,* Member 


(Presented at a meeting of the Boston Society of Civil Engineers, February 17, 1932) 


THE building of highways during the past year, both in the num- 
ber of miles constructed and in the millions of dollars expended, has 
reached a height never before attained. It has become the greatest 
single Public Works activity that the world has ever known. The ex- 
penditures for the entire country, during 1931, covering State highway 
construction and maintenance, has been estimated as $1,000,000,000. 

It is only natural in a growing industry or activity of the above 
proportions that certain trends or developments should take place 
which stand out as being of recent origin and of major importance. 

The enumeration of these recent developments and trends, both in 
the design and the construction of highways, has been taken as the 
subject for this paper. 

In reviewing the evolution of highway building during the last few 
years it seems to me that almost without exception all important devel- 
opments can be traced to two fundamental principles: first, highway 
safety, and second, highway economics. 

The highway engineer has given much thought to a design that 
will build safety into the highway and will keep the travel flowing 
without interruption, and along with the contractor and the machinery- 


* Construction Engineer, Massachusetts Department of Public Works, State House, Boston. 
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man he has been alert to the possibilities of building a better road for 
less money. 


BosTON AND WORCESTER TURNPIKE 


Probably the outstanding development in State highway construc- 
tion during the last few years, at least in the New England States, has 
been the construction of a 17-mile section of double-barrel highway in 
Massachusetts, on the line of the old Boston and Worcester Turnpike, 
between the city of Worcester and Framingham Center. 

This double-barrel highway, or divided road, with its many grade 
separations and connecting ramps, with its improved alignment and 
smooth vertical curves, with its two lanes of cement concrete each side 
of a grass zone of safety, bordered on the outside with parking shoul- 
ders 10 feet in width, is undoubtedly a forward step in highway de- 
sign and safety, and one that, with certain modifications, will be used 
more and more in the future. 

This divided roadway removes the headlight glare from approach- 
ing traffic, permits free movement of opposing traffic lines, makes pass- 
ing at summits in the grade safe, helps pedestrians to cross the road 
safely, and practically makes the head-on collision impossible. Fur- 
thermore, it is probably 33 per cent more efficient than any four-lane, 
undivided road, as experience demonstrates that the 40-foot undivided 
pavement is used as a three-lane road much of the time. 

The 17-mile section of highway mentioned above is only about 
one-half of the total Boston and Worcester Turnpike project, and with 
the completion of the second half into Boston, a part of which is now 
under construction, the entire project will give the State of Massachu- 
setts one of the outstanding highways of the country. 


ELIMINATION OF RAILROAD AND HIGHWAY GRADE CROSSINGS 


A second important development that has taken place during the 
last two years, especially in Massachusetts, has been the elimination 
of grade crossings, including both railroad grade crossings and highway 
grade crossings. Not counting the bridges that have been rebuilt in 
order to widen or improve the alignment, there has been built or put 
under contract within two years no less than thirty-one new structures 
that will eliminate grade crossings. Thirteen of these structures are at 
railroad crossings, nine of these being overhead bridges and four being 
highway underpasses, and the other eighteen are at important high- 
way grade crossings on primary routes. 
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Of the eighteen highway grade separations previously mentioned, 
eight are on the new Boston and Worcester Turnpike; two are on the 
new Worcester by-pass, or ‘Southwest Connection;”’ two are on the 
section of the Circumferential road between Canton and Wellesley; 
three more are within the Metropolitan District at Revere, Cambridge 
and Boston, and the remaining three are at Palmer, Andover and 
Foxborough. 

The grade separations on the Boston and Worcester Turnpike are, 
by all means, the most nearly ideal and the safest, for there, with the 
divided roadway, it is impossible for traffic on the secondary route to 
cross the primary route at grade, and, providing connecting ramps are 
built at all four corners, it will be unnecessary for traffic to make any 
left-hand turn, and there is no reason why traffic should not flow freely 
and safely without any interruption. 

These highway grade crossing separations mentioned above are 
the outcome of careful studies that are being made at all important 
intersections, the aim being to make these route crossings safer and 
more efficient. In fact, when a cut-off line or a new route is being in- 
vestigated, one of the most important details to consider is the location 
of the new intersections, in order that they may be as safe as possible. 


TRAFFIC CIRCLES 


Other methods used for treating important intersections are the 
traffic circles and the widening of the pavement through the intersec- 
tion where traffic lights are to be installed, so that two lines of travel 
can pass through the intersection, in the same direction, at the same 
time, when the green light is shown. 

Three important traffic circles have been built within the Metro- 
politan District during the last year, — two on Charles Street, in the 
city of Boston, and a third in Medford, at the junction of the Fellsway 
and the Revere Beach Parkway. These circles have worked very satis- 
factorily, and have safely and economically eliminated badly congested 
intersections. A fourth traffic circle is now under construction on the 
State highway at Middleborough, at the point where the road to the 
Cape highway leaves the Bridgewater—Lakeville Turnpike. 

The traffic circle is usually the ideal treatment in a metropolitan 
area where there are four or more important roads coming into an 
intersection at various angles, and where the movement of travel is a 
turning movement in contrast with a crossing movement. To be effec- 
tive, however, the minimum diameter of a traffic circle should be not 
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less than 150 feet, in order to permit proper weaving-in of traffic, and 
if possible the diameter of the circle should increase as the number of 
entering streets increase. 


By-Pass ROUTES 


Another development that is gaining headway each year is the 
construction of by-pass roads and parallel or alternate routes. Massa- 
chusetts built its first by-pass in 1923, at Dighton and Somerset, and 
since that time a score or more of villages and business centers have 
been relieved of main through traffic by the construction of a by-pass. 
As a rule, the motive was to expedite traffic by shortening and straight- 
ening the road and to separate the through travel from the local travel, 
but in some cases there were special reasons, such as — 


1. Improving the alignment of the main route. 
2. Eliminating the expensive operation of widening existing streets. 
3. Avoiding railroad grade crossings. 


Although the greatest value of the highway by-pass lies in its 
ability to expedite through traffic, it is being recognized more and more 
as a benefit to the community in added safety to local travel and to 
pedestrians. 

The outstanding by-pass built in Massachusetts up to the present 
time is probably the Middleborough by-pass, built in 1930 on the road 
to the Cape, between Bridgewater and South Middleborough. This 
by-pass, or alternate route, is 12 miles long and cost the State about 
$750,000. 

Within a year, however, two by-passes will have been completed 
which will surpass the Middleborough project; one, the Worcester 
by-pass, which is now under construction between Northborough and 
Auburn, over a route 15 miles long, and which will cost about $1,800,000; 
and the other, the Millers Falls-Turners Falls by-pass, which runs from 
Erving to Greenfield, over a new route approximately 7 miles long and 
will cost about $1,000,000. 

The distinction between a by-pass route and an alternate or par- 
allel route may be one of definition; as, for example, the new Boston 
and Worcester Turnpike road and the new Boston and Providence 
road are spoken of as alternate routes rather than long by-pass routes. 
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: PRELIMINARY DETAILS OF DESIGN - 


The alignment of the road and the right of way over which the 
road passes have been given much thought during recent years, and . 
the trend has been towards a wider right of way and a smoother and 
safer alignment of the road. 

To meet the constant increase in volume and speed of traffic, the 
tendency all over the country is to eliminate dangerous curves or in- 
crease the radius of same, and where this cannot be accomplished on 
existing layouts, new locations are being made to a large extent. In 
making new locations the needs of the future are anticipated both as 
to width and alignment. In Massachusetts the minimum width of 
new locations is generally 80 feet, and the alignment, if possible, is 
limited to curves of a radius of not less than 2,000 feet. The hazard of 
limited sight distances on vertical curves has been emphasized by motor 
vehicle laws and regulations, and as a safety factor, the aim of the 
highway engineer today is to provide a sight distance of not less than 
600 feet, and in some localities not less than 1,000 feet. 

The rolling terrain of Massachusetts often prohibits this attain- 
ment except at prohibitive cost. In such a case it is the practice to 
widen the pavement, particularly on three-lane roads, to four lanes 
where a sight distance of less than 600 feet exists. The limits of the 
widening are determined by points on the ascending grades where 
traffic coming over the hill can be seen approximately 600 feet away. 
Widening is also done on horizontal curves where the sight distance is 
less than 600 feet. 

On the heaviest traveled routes, in order to accommodate the flow 
of traffic, pavements are now being constructed of greater widths. In 
Massachusetts, the two-lane bituminous macadam and concrete pave- 
ments are being widened to three and four lanes, and on new construc- 
tion the pavements are 30 and 40 feet wide. In several places the dual 
type pavement has been used, consisting of one or more lanes of bitu- 
minous macadam with a lane of cement concrete on each side. This 
latter type of pavement, although not originated in Massachusetts, has 
undoubtedly been brought to a higher perfection and greater use here 
than in any other State. Its chief merit is that it keeps the traffic on 
the outside lanes and makes passing easier and safer. 

Another recent development in the design of pavements is the 
trend towards a flatter crown or cross section. This apparently is in 
answer to the demand for greater safety as the speed of traffic increases. 
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The tendency all over the country today is for flatter crowns. In 
Massachusetts the rate of crown for concrete pavements has been 
reduced from one-fourth inch to three-sixteenths inch per foot, and 
for bituminous macadam pavements from three-eighths inch to one- 
fourth inch per foot, and this seems to give a safer cross section, espe- 
cially on the wider surfaces. 

One more recent development in highway design is the more care- 
ful attention given to banking curves. Curves of a greater radius are 
now being banked, as a rule, up to 2,000 feet, and in special cases, such 
as going down a grade on the outside of a curve, the banking is carried 
to even larger radii. This has been necessary as the speed of traffic 
increased, and in most States new standards for banking curves have 
been brought out during recent years. 


Non-SkiD SURFACES 


Another trend that is evident throughout the country is the atten- 
tion now being given to the development of non-skid surfaces. Con- 
crete roads are being more positively broom scored in order to roughen 
the surface of the pavement and provide additional assurance against 
skidding. Bituminous concrete pavements are being built of coarser 
aggregates, with the seal coat omitted, or, where sealed, are being 
covered with stone chips in order to increase the tire traction in wet 
weather. 

The laurel, however, for having developed the best non-skid pave- 
ment has come to the State of Massachusetts. Modesty forbids that 
I say too much about this pavement, but in the highway number of 
‘‘ Engineering News-Record,’ dated January 7, 1932, an editorial and 
one of the leading articles pay their respects to this non-skid type of - 
construction, somewhat as follows: 


In bituminous macadam construction the most outstanding improvement in 
recent work has been the elimination of the heavy rich mat seal coat and the produc- 
tion of a waterproof, tightly bonded, but rough texture mosaic surface, in which the 
large stones take all the wear of traffic and provide a sure and safe grip for vehicle 
wheels. Such construction has reached a high degree of perfection in Massachusetts. 


The above refers to a type of construction that was developed in 
Massachusetts about twenty years ago, and has been more extensively 
used than any other type. By gradually reducing the quantity of the seal 
coat applied, and permitting it to act as a secondary penetration appli- 
cation, we have produced a road surface that has been described by a 
foreigner as a road that ‘‘Looks rough, but rides smooth.” 
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Low Cost SECONDARY ROADS 


During the last few years there has been a definite trend in many 
of the States towards the improvement of secondary roads and the 
development of low-cost construction. In the States of Pennsylvania 
and North Carolina legislation was passed in 1931 which added thou- 
sands of miles of rural roads to the State highway system, and in sev- 
eral other States there was agitation relative to the highway depart- 
ments taking over rural highways for improvement. 

This trend towards the secondary roads has caused the rapid 
development of low-cost surfacing, and has stimulated research and 
study in the use of bituminous materials in combination with local 
materials. It has brought out several new surfaces, such as the re- 
tread or mixed in place road, and has lead to a more scientific and 
extensive use of bituminous materials for surface treatments. | 

Massachusetts’ position in this trend is again as a leader, for as 
far back as 1897 the old Massachusetts Highway Commission defined 
as its policy: 


First, that the most important of the many needs was that which related to the 
connection of centers of business; second, the connection of agricultural areas, and of 
smaller and less populous towns, with a large city or center of dense population, with 
which they had intimate business relations; and third, the connection with railroads 
and waterways of the towns remote therefrom, with the ultimate intention of grouping 
these roads so as to make continuous State highways throughout the Commonwealth 


Furthermore, in 1900 legislation was passed which required 5 per 
cent of the State highway money to be spent in small towns having a 
valuation of $1,000,000 or less. Later, in 1912, 10 per cent of the State 
highway money was made available for small town roads in towns of 
less than $1,000,000 valuation, and another 5 per cent for towns with 
a valuation in excess of $1,000,000, provided the towns contributed 
one-half the cost of the work. 

This early start, in helping the small towns on their rural roads, 
has been continued right up to the present time, so that today there 
is a larger mileage of State aid roads in Massachusetts than there is of 
State highways. In each of the last half dozen years the mileage of 
State aid roads built has exceeded the mileage of State highway built, 
and a very large portion of the State aid roads have been of the low- 
cost construction, such as gravel, treated gravel and sand asphalt con- 


struction. 
In addition to the State highway and State aid roads mentioned 
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above, there are approximately 8,000 miles of town roads maintained 
with State aid in towns having a valuation of less than $4,000,000, so 
that in total, the State Department is contributing in the upkeep of 
about one-half of all the road mileage within the Commonwealth. 


CONCRETE ROAD CONSTRUCTION 


One of the trends in concrete road construction during the last few 
years which has been appreciated most by the general public has been 
the tendency to open the roads to travel at an earlier date. At first 
this was done by using calcium chloride in the mix, but today, as a 
rule, it is due to the better quality of cement used in the pavement. 
Many of the cement companies today are turning out cement that 
will meet the 28-day strength requirement in 7 days, and when this 
quality of cement is used, it is usually possible to open the road to 
travel in 7 to 10 days, depending on the season of the year. In Massa- 
chusetts test beams are cast on the roadside daily and cured the same 
as the pavement, and broken in about 7 days, and when the beams 
show a modulus of rupture of 500 pounds per square inch, or better, 
the road is opened to travel, but in no case in less than 7 days, where 
standard Portland cement is used. . 

There has been developed, however, by several of the cement com- 
panies, a high early strength cement which will give the required 
strength in 24 to 48 hours. This type of cement is being used more 
and more where it is necessary or desirable to open the pavement 
quickly. This high early strength cement has the same general char- 
acteristics as true Portland cement, except that it is ground finer so 
that five to six times as much will pass the 200-mesh sieve, and, further, 
it gets its initial set about 1 hour sooner than the average Portland 
cement and its final set about 2 hours sooner. 

Another recent development in concrete road construction is the 
almost universal adoption of the weight measurement of batches of 
aggregate. Here the fine and coarse aggregates are weighed separately, 
usually but not always in separate hoppers, and in some States they 
require the separation of the coarse aggregate into two sizes to pre- 
vent segregation and insure proper grading. The chief advantage of 
weight measurement is greater accuracy. It eliminates the variations 
caused by the bulking of moist sand and by the differences in the com- 
paction of the aggregates in the measuring hopper. However, when 
weight batching is used, the quantity of moisture contained in the 


aggregates should be determined and a correction made for same in 
the weight. 
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Other recent developments in concrete paving are the increased 
use of bulk cement, which has become universal in several States; the 
use of truck mixers, which permit the mixing of the concrete while en 
route to the project; and the introduction of heavy paper for curing 
the surface of the pavement. 

All of these latter developments have been used in Massachusetts, 
and as each has been brought out for economic reasons, their use will 
probably continue in the future. 


TREATMENT OF SWAMPS 


Another recent development that has attracted some attention is 
the method of treating swamp areas, where they were encountered on 
highway work. In Massachusetts, when a peat bog or unstable swamp 
is encountered, one of two treatments is usually prescribed: the soft 
material is either excavated to hard bottom and backfilled with sandy 
gravel borrow, or the swamp is loaded with solid material and the under- 
lying soft material displaced by the use of dynamite until the solid fill 
rests on the hard bottom.- : 

As a rule, where a concrete pavement is to be laid, the first method 
is used, unless the depth of peat is in excess of 20 feet, and then the 
decision as to the method to be used will depend on local conditions. 
Peat has actually been excavated to a depth of 36 feet, and in this case 
it is interesting to note that the depth 200 feet away was only 3 feet. 

When conditions will permit and the swamp material is semi-liquid, 
it is usually much cheaper to displace the peat and muck with dynamite. 
On a section of the Worcester Turnpike, .in Westborough, a peat bog 
was blown last year which was about 700 feet long and 30 to 45 feet 
deep. About 55,000 cubic yards of soft material was displaced for 
about 18 cents per cubic yard, this being less than one-half of the aver- 
age bid price for excavating that material. The quantity of dynamite 
used amounted to about one-fourth pound per cubic yard of material 
displaced. Before loading and blowing a swamp, it is quite neces- 
sary to get a profile and cross sections of the hard bottom, in order 
properly to plan on the method of procedure. 


MopERN MACHINERY AND Bip PRICES 


I would like to speak briefly of a few of the recent de- 


In closing, 
and show the effect they are having 


velopments in highway machinery, 
on the trend in highway bid prices. 
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Mechanical equipment today has revolutionized highway grading in 
such a way that a contractor who has failed to keep abreast with the 
new equipment finds himself unable to do the work at the prices bid. 
The large gasoline shovels with crawler-type traction; the high speed 
pneumatic-tired trucks; the mechanical graders or road machines, and 
the ‘‘bull-dozers,’’ are cutting the costs of grading by more than one- 
half. Mechanical equipment for spreading broken stone and _ bitu- 
minous concrete, and new concrete paving mixers with automatic 
discharge are cutting the surfacing costs almost as much. The trend 
of average bid prices in Massachusetts has now been downward for six 
consecutive years, and the highway dollar has undoubtedly bought more 
during the past year than ever before. 


Discussion 


CoL. FRANK M. Gunsy:* I would like to ask Mr. Coburn the 
approximate cost per mile of the Worcester Turnpike and a similar 
figure for the four-lane, cement-concrete roads, and also for a concrete 
road with black surfacing? : 

Mr. Copurn: The Worcester Turnpike is the most expensive 
piece of highway building the State has ever undertaken. The expense, 
including the many grade separations, which added to the cost, aver- 
aged about $200,000 per mile. 

There are two types of black road: one type is the sand-asphalt 
road as laid on the Cape, and the other is the penetration type. For 
many years the relation between the cost of the Cape type road, the 
penetration and the macadam concrete road ran in the ratio of 1:2: 3. 
If the Cape road cost $20,000, the ratio was $20,000: $40,000: $60,000. 
But those costs are all down today, and that ratio would probably be 
$15,000: $30,000: $45,000. Prices have gone materially lower in the 
last few years. 

Pror. JAMEs W. INGALLs:} What is the typical cross section of 
the Worcester Turnpike? Is the slab uniform? Is the curb integral 
with the slab, and how much reinforcing steel is used? 

Mr. Cosurn: The cross section of the Worcester Turnpike includes 
a 10-foot center area of grass with granite curbing on each side. For a 
distance of 114 miles the grass strip is 30 feet wide to provide for a double 
line of car tracks. On each side of the grass strip there are two lanes of 
reinforced cement-concrete, each 10 feet wide. The slab is 8 inches 


* Associate; Charles T. Main, Inc., 201 Devonshire Street, Boston. 
+ Department of Industrial Engineering, Northeastern University, Boston. 
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thick and contains between 9 and 10 pounds of steel bar reinforcement 
per square yard. The concrete is laid in slabs not over 60 feet in length, 
with expansion joints between slabs. On the section of the Turnpike 
most recently built the curbing was set 1 foot away from the concrete 
slab, and that 1 foot space was filled in with a black strip of bituminous 
concrete, thereby making the center strip of grass only 8 feet wide. If 
this cross section is continued toward Boston a slope curbing would be 
used to permit automobiles to run up over it if necessary. 

Mr. Purp W. Taytor:* Will you describe the new type of paving 
which uses the burlap? 

Mr. Copurn: The burlap type is a patented pavement. The bur- 
lap is not put in for strength, but is put in for weakness, the theory 
being that a line of weakness 2 inches down from the surface will per- 
mit the removal of the top 2 inches when necessary, and the relaying 
of a new 2-inch wearing surface of a richer mixture. The theory is that 
it ought to carry travel with less maintenance cost than the ordinary 
mixture. 

Question: Why did you consider the traffic circle more suitable 
for a metropolitan district? 

Mr. Cospurn: In the metropolitan area travel is not moving so 
fast asin the country. The tendency of the traffic circle is to slow down 
traffic, a condition which exists in a metropolitan area. 

QuEsTION: Has the adoption of liquid asphalt on the center lane 
proved sufficiently satisfactory to continue its use? 

Mr. Copurn: Curing oil and emulsified asphalt for curing concrete 
surfaces have been used in Massachusetts without giving evidence of 
any harm to the concrete pavement. The Bureau of Public Roads has 
noted some damage by its use in other parts of the country, due to the 

fact that the bitumen attracts heat and hair cracks are developed. That 
action might be troublesome in Tennessee and not in Massachusetts. 

When this curing oil and emulsified asphalt were first introduced 
they were put on the concrete surface within a few hours after the con- 
crete was laid, before it had its initial set. The practice here is to cure 
the concrete first, for twenty-four hours, with wet burlap, and put the 
asphalt on the following day. That, I believe, has been approved by the 
Bureau of Public Roads. It has been used here as an experiment and 


found to be successful. 
QuesTIon: After applying the emulsified asphalt do you cover it 


with any type of stone, dust or chips? 


* Of Metcalf & Eddy, Statler Building, Boston. 
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Mr. Copurn: We use only about one-tenth of a gallon, and there 
is no application of dust or stone of any kind on top of it. No attempt 
is made to build up a mat which would scale off and be a problem. The 
prime object was to get a black color, and only incidentally to cure the 
concrete. 

QuesTIon: I understand that during the last six or eight years in 
many States there has been a tendency on concrete roads to use an 
8-inch slab with a 10-inch edge, and that this practice has now been 
adopted in ten or more States. 

Mr. Cosurn: We are using a uniform depth of slab. The thick 
edges are not being used in the North Atlantic States to the same ex- 
tent as they are in the West. We believe that a concrete road needs an 
8-inch thickness in the center, and that it is a mistake to make it 6 
inches; and we feel that if 8 inches is not strong enough the slab should 
be 9 inches uniformly throughout. 

QuEsTIONn: Isn’t the curb built as a part of the slab? 

Mr. Cospurn: In the West it is built as part of the slab, but this 
means added expense and makes the unit price of the concrete higher, 
and I question if there is any saving with the thickened edge concrete 
slab.. Probably the cost is more per yard for concrete if that includes 
the curbing. 
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RECENT DEVELOPMENTS IN THE MAINTENANCE 
AND USE OF HIGHWAYS 


By GrorcGe H. DELANno,* Member 


(Presented at a meeting of the Boston Society of Civil Engineers, February 17, 1932) 


MAINTENANCE of highways has come to have a much broader scope 
than the definition of the word would signify. This change in the spirit 
and character of maintenance was brought about by a change in the use 
of highways and a change in public requirements, which are briefly as 
follows: 

1. An increase in the volume, weight and speed of traffic using the 
highways. 

2. Economic considerations. 

3. Demands for higher standards. 

4. A quickened sense of the value of beautiful things. 

Increase in volume meant wider surfaces, crown reduction and 
strengthening or hardening of shoulders; increase in weight meant bet- 
ter and stronger subgrades and surfaces and reduced grades; increase 
in speed meant better alignment and vision, non-skid surfaces and im- 
proved guard rail. Increases in the volume and speed of traffic using 
the highways also imposed the necessity for warning, guidance and con- 
trol of traffic. 

Economic considerations imposed upon engineers the necessity of 
providing a greater mileage of highways with surfaces that, while ade- 
quate to meet the demands of the traffic using them, would not cost 
too much to construct and would be susceptible of proper and economical 
maintenance. 

The public has become educated to good road maintenance. Failure 
to provide it is quickly noted and commented upon, and what the public 
really wants and is prepared to pay for, it generally obtains; and so it 
is with the roadsides, — cleanliness, neatness and beauty are demanded 
_and are now being furnished. 

The design of highways as today constructed adequately provides 
for all traffic needs as determined by preliminary. traffic studies; all 
necessary signs and signals are erected by the Maintenance Depart- 


* Maintenance Engineer, Massachusetts Department of Public Works, State House, Boston. 
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ment when construction is completed. This being so, new roads offer 
but little opportunity for developments in maintenance. The propor- 
tion of highways that can be so improved, however, is small when com- 
pared to the total, and it is the deficiencies of this large remainder that 
must be met by maintenance. All classes of highways are included in 
this latter group, — namely, the highways on the less important of the 
main routes, also many of those on the secondary routes, and finally 
the dirt and gravel roads found in every town, — roads which to those 
who depend on them to get to school or market are the most important 
in the State. 

It is this necessity of rendering highways adequate to meet the 
traffic demands placed upon them that has been the cause of most of the 
recent developments. As might be expected, therefore, the more import- 
ant of these developments cover surfaces, roadsides, snow removal 
and traffic. 


SURFACES 


The standard types of surfaces used by highway engineers are, 
in general, the bituminous macadams, bituminous concretes, cement 
concretes, etc., possessing considerable strength and stability, but also 
being expensive to construct and maintain; and other types of surfaces 
constructed of gravel or broken stone, that while comparatively in- 
expensive to construct, possessed no great strength, would not carry 
any great volume or weight of traffic, and were difficult and expensive 
to maintain. With the rapid increase in the weight and volume of the 
traffic using all roads, it was found that an intermediate type of sur- 
facing was needed — one that could be used on the road where the 
traffic did not justify the more expensive type of surface, but which 
was too heavy for the treated or untreated gravel types. 

The ‘‘road-mix’”’ method of constructing a surface has been 
developed to meet this problem. It is sometimes called ‘‘re-tread”’ 
or ‘‘mixed-in-place,”’ but ‘‘road-mix’’ seems more descriptive. It 
consists of mixing on the roadbed, by machine, a bituminous material 
with a mineral aggregate consisting of continuously graded run-of-bank 
gravel, crushed gravel or broken stone of sizes which range in size from 
1/4 inches down to, and including, fines, or with broken stone ranging 
in size from 144 inches to, and including, one-fourth inch. Surfaces 
in which the continuously graded mineral aggregates are used differ in 
characteristic from the surfaces obtained where a broken stone mineral 
aggregate is used, and they require a different type of bituminous 
material to obtain satisfactory results. 


MAINTENANCE AND USE OF HIGHWAYS 295 


The gravel aggregate ‘“‘road-mix”’ is a type of bituminous concrete, 
and, like it, depends upon density for stability and strength. This type 
of surface is proving to be popular throughout the country, and many 
ways of doing the work have been developed. 

The gravel aggregate type is the least expensive, and several va- 
riations in the method of construction are used. Where the surface to 
be improved contains sufficient gravel, it is scarified to a depth of 
several inches, shaped up and the bituminous material applied. The 
mineral aggregate and bituminous material are then thoroughly mixed 
by continuous blading with either road machines or road drags. When 
this has been accomplished, the mixture is evenly spread and compacted 
with a roller weighing not less than 8 tons. Where there is some gravel 
in the surface, but not sufficient for the purpose, the old surface is 
scarified, fresh gravel added to provide the required depth, bituminous 
material applied, and the whole then mixed and shaped to the desired 
cross section. Where an entirely new surface is to be constructed, the 
roadbed is brought to the desired cross section parallel to and several 
inches below the finished grade of the road and fresh gravel spread 
thereon, shaped with road machines, and the bituminous material then 
applied. The bituminous material should be heated in the tank car 
and applied from a pressure distributor at a temperature of about 
160° F. The total amount required for a surface 2 inches thick after 
rolling will be about 134 gallons per square yard. This should be put 
on in three applications of one-half gallon per square yard each, 
thorough blading and mixing following each application. A final seal 
coat of about one-fourth gallon per square yard should be applied after 
the surface has been rolled. Another variation of this method is to 
apply a prime coat of bituminous material to the subgrade before the 
gravel surfacing just described is spread. Where possible, this applica- 
tion of a prime coat to the subgrade is desirable, as it tends to prevent 
the poorer material in the base from being mixed in with the top course 
of gravel. Such surfaces should be not less than 11% inches in thickness 
nor more than 3 inches thick after rolling. Care should be exercised in 
selecting the gravel to be used, one being selected, if possible, with a 
continuous grading from fine to coarse, avoiding any gravel that is too 
sandy or that contains any appreciable amount of loam or clay. Some 
of either, or both, is generally found in most gravels, however, but 
the undesirable effects can be overcome by selection of a proper viscosity ' 
of the bituminous material. Either asphalt or tar can be used. The 
Department’s specification No. 14-A is designed to cover tars suitable 
for this purpose, the specific viscosity being 45 to 55. With this tar the 
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fines should not ball up, and sufficient time should be afforded for proper 
mixing. The Department’s specification No. 11-C covers the asphalt 
considered suitable. This specifies a 100 to 150 penetration asphalt cut 
back with naphtha, to which is added 10 per cent of kerosene by vol- 
ume. The kerosene is needed to prevent the fines from balling and to 
retard the set until the mixing is completed, and the amount used with 
the asphalt should vary in accordance with the gravel requirements. 
Gravel aggregate surfaces are easily maintained if the proper grade of 
gravel and type of bituminous material has been used and thoroughly 
mixed. When such is necessary, however, it will be in the form of a 
surface treatment. Such a surface can be easily broken up and scari- 
fied later if more extensive repairs are required. Surfaces using a gravel 
aggregate are very satisfactory and permit of the maximum use of local 
material with a minimum of imported material. The costs here for 
this type of surface, 18 feet wide, run from $2,000 to $3,500 per mile. 

The broken stone or macadam type of aggregate is, of course, 
stronger and more substantial than the gravel aggregate type of sur- 
face, being of the macadam type and depending principally upon the 
interlocking of the stone fragments for strength. It may be constructed 
in several ways, either by scarifying an existing broken stone surface 
and adding fresh stone to bring it to the required depth and cross sec- 
tion and then penetrating with the proper grade of bituminous material, 
mixing and shaping the whole with a road machine or road drag and 
rolling with a roller weighing not less than 8 tons, or by spreading a 
course of fresh stone upon the prepared subgrade. In this type of 
surface, as in the gravel aggregate, the use of the prime coat on the 
subgrade is desirable but not essential. The maintenance required is 
similar to that required by bituminous macadam, that is, eventually 
surface treatments. This type of surface costs more than the gravel 
aggregate, running in this State from $4,000 to $4,500 per mile. 

As with the gravel aggregates, either tar or cut-back asphalts may 
be used. The tar is covered by Specification No. 14-A, a specific vis- 
cosity of from 55 to 65 being used. The cut-back is covered by Specifica- 


tion No. 11-B, which requires the same asphalt and naphtha mixed . 
with 5 per cent of kerosene. 


Mup Pumps 


One recent development in method and equipment now being used 
in some instances in other States, but as yet not used in Massachusetts, 
is a pump designed to force a mixture of water, earth and cement under 
cement-concrete slabs to restore them to grade. The method developed 
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is to drill holes in the cement-concrete surface and to force the mixture 
of water, loam and cement through the hole, the pressure developed 
being sufficient to raise the slab, and the cement eventually affording 
sufficient stability and strength to hold it there. As stated, the method 
has not been tried in this State. Although we occasionally experience 
slab settlement, there is not enough to warrant the purchase and use of 
the necessary equipment. 


PERMANENT PATCHING 


The application of the theory that maintenance requires a road 
surface to be kept always in as good condition as when constructed 
may be considered a recent development. This means that where 
cement concrete, bituminous macadam, bituminous concrete and other 
modern types of surfaces have failed, they must be patched with the 
same kind of surface. Early each year, therefore, maintenance crews 
provided with the necessary equipment start at the beginning of each 
route making permanent repairs to the surface. If it is a cement-con- 
crete surface that has failed, the old surface is cut out with drills and 
replaced with quick setting cement concrete, travel being kept off for 
about forty-eight hours. If any particular defect in subgrade or drain- 
age has been the’ cause of the failure, the defect is corrected before the 
surface is restored. Macadam and other surfaces are likewise cut out, 
the defects that may have caused the failure corrected, and the surface 
restored, rolled and immediately put into service. 


Snow REMOVAL 


Economic considerations have long indicated the wisdom of making 
highways safely and conveniently available throughout the entire year. 
As a result the Massachusetts Department of Public Works was author- 
ized about twelve years ago to assist the cities and towns in their work 
of clearing the highways of snow and ice. A few years ago the Depart- 
ment was further authorized to clear State highways by and at the 
expense of the State, so that today all of the State highway routes in 
this State are cleared by this Department. During the time that the 
Department has been so engaged, methods, organization and equipment 
have been developed. 

When the work first started the Department used a fleet of 314-ton, 
four-wheel drive trucks with single rear wheels and solid rubber tires, 
and several 10-ton tractors. Each truck was equipped with a 10-foot 
blade plow for routine work, and the tractors with wooden “V” plows 
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for emergency work. The trucks were loaned to the various towns to _ 


operate, but the tractors were operated by the Department. The aim 
then was to keep the roads open, and it was felt that excellent work 
had been accomplished by the towns if this were done. Today the 
work has developed to such an extent that in addition to the original 
fleet of 314-ton, four-wheel drive trucks, the Department now owns 
and uses a fleet of 214, 314 and 5 ton four-wheel drive trucks equipped 
with pneumatic tires, dual rear, and 100 horse power motors. The 
power and traction of the new 2!4-ton trucks are greater than that of 
the old 31%-ton trucks. 

The new trucks are equipped with a ariete of new ioe plows, 
each plow being intended for a particular phase of the work. In prac- 
tice, blade plows are used for the routine work, the first cut being made 
with an 8-foot plow on a Ford or Chevrolet, and the second by a 10- 
foot plow on a 24%-ton truck. The windrow of snow thrown up by these 
two trucks is further pushed aside by a high moldboard plow of either 
the reversible or irreversible type mounted on a 2%-ton truck. When 
the accumulated snow to be pushed aside becomes greater than the high 
moldboard plow on the 2!%-ton truck will handle, a 34% or 5 ton truck 
with a ‘‘V”’ plow and a wing is used. During intensive storms, when the 
“V’’ type plow and wing can no longer do the work, a rotary plow is 
used. Investigations into the power, traction, speed and draw bar pull 
of trucks are conducted in order to obtain those that will provide the 

maximum of each. A truck used to operate a rotary plow was recently 
~ equipped with a transmission that provides a gear reduction of 880 
to 1. At an engine speed of 2,000 revolutions per minute this gives a 
speed forward of one revolution of the rear wheels in 28 seconds, or 0.26 
mile per hour. With the development of the snow removal program, 
it was found that comparatively little trouble was experienced in clear- 
ing the highways, but that it became necessary to so remove the snow 
that the surfaces would be bare and clear almost immediately after the 
storm stopped. Packed snow and water from snow that melted during 
the day, all too frequently turns to ice at sundown, a condition that 
generally arises simultaneously on all highways throughout the State. 
This necessitates the application of sand mixed with calcium chloride. 
Hand spreading proved to be slow and difficult. Machine spreading, 
therefore, has been developed to such an extent that it is hoped by 
another year every truck owned by this Department used for: the re- 
moval of snow will be equipped with a mechanical sand spreader as well 
as a plow. During the past several years it has cost the Department as 
much to sand icy places on the highways as to clear the snow. 


MAINTENANCE AND USE OF HIGHWAYS 299 


TRAFFIC 


One of the most interesting and important of the developments in 
the use of highways has been the introduction and application to our 
highway work of traffic studies.. A knowledge of the use of highways 
as regards the number, type, origin and destination of vehicles, the speed 
at which they travel, and the manner in which they conduct themselves 
at intersections, is necessary in designing, constructing and maintain- 
ing highways, and is also necessary to intelligently provide such warn- 
ing signs, guide signs and control as may be required. In the past, such 
information not being available, those who designed, constructed, main- 
tained and operated highways made their decisions in accordance with 
their own views. Naturally, as these things were done in many different 
ways, some were well done and some were not so well done. Confusion 
existed as to what signs should be used and what they meant with re- 
spect to traffic warning, guidance and control. This situation having 
been recognized in Massachusetts some few years ago, a law was passed 
whereby the Department of Public Works was required to approve the 
various traffic provisions that cities and towns proposed to institute 
and use. To carry out the provisions of this act, the Department estab- 
lished a Traffic Engineering Division, and has issued three bulletins 
establishing standards covering the necessity and use of “Through 
Ways,” ‘Traffic Control Signals,’ and ‘Warning and Guide Signs and 
Devices.”” The Traffic Engineering Division conducts traffic counts on 

-the main numbered highways of this State and prepares a flow map, 
makes counts at particular intersections and on routes that are being 
studied for reconstruction or improvement, investigates the necessity 
for traffic control signals and ‘‘through ways” not only on the State 
highways but wherever any city or town desires to institute or install 
the same. A record by location on routes and intersections is kept of 
all accidents reported to the Registry, and is available for use whenever 
any study is being made of hazardous conditions. With the introduc- 
tion of such traffic studies, guesswork is removed from all considera- 
tions involving highway design, use and operation. 


WHuiteE LINES 


The development of the use of the white lines may be considered 
of sufficient importance to be mentioned at this time. Originally white 
lines were used in this State on curves only, both vertical and horizon- 
tal. The lines were solid and were intended to act as a guide for the 
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motorists and to signify that he should keep to the right. Our sur- 
faces at that time were of two lanes, some 15 feet in width, none more 
than 18 feet. With the introduction of the wider surfaces of three or 
four lanes, and greater speeds, white lines have been used more freely 
and have come to have additional meanings. Where the wider surfaces 
of today are marked into lanes during construction, as in cement-con- 
crete surfaces and the dual types, white lines are ordinarily not needed. 
Where the surface is all of one type, however, it is generally necessary to 
designate the lanes as well as the center line. A solid white line is there- 
fore used to designate the center line of the surface, and is used only 
where the motorists should not cross it. Broken white lines are used 
to designate lanes, and may be crossed wherever traffic conditions are 
such as to permit it being done in safety. Broken white lines are also 
used to define the extreme outer right edge of the surfaces. Motorists 
can guide themselves by such white lines by looking to their right, and 
thus avoid the necessity of looking into glaring headlights. It may be 
conceived that with the continued improvements in the alignment and 
grade of highways and the education of the public, the use of white 
lines on the right edge of the surface will come to replace the present 
center and lane lines. 


ROADSIDES 


In considering recent developments in the maintenance and use of 
highways, it appears from the results accomplished that the work being 
done by the Department on the roadsides of its highways should also 
be mentioned. It is not a new phase of the work, but the manner in 
which it is now being done and the results obtained are new. More 
than twenty years ago a man trained in selecting, planting and caring 
for trees was engaged by the Department to plant trees on the road- 
sides, but inasmuch as the real problem at that time was to construct 
highways, it was difficult for the engineers and the public to find much 
time or money for this phase of the work, so that it was conducted some- 
what perfunctorily until about 1919, when this work was definitely 
placed in charge of an engineer whose duty it was to beautify our road- 
sides through planting, trimming and maintenance. The work has pro- 
gressed so that today the facilities of the roadside organization are used 
not only in the maintenance of the highways but frequently in the de- 
sign and construction. Studies are made sometimes, before a road is 
constructed, — generally during its construction, — of the plantings 
that are to be made when it is completed. Existing growth on the older 
roads is cut out, either to remove that which is unsightly, or to provide 
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vistas of distant lakes, valleys or other scenic beauties, or for safety 
where the vision is obstructed, such as on the inside of a curve. Trees 
are trimmed and, when necessary, repaired. 


SELECTIVE TRIMMING 


All trimming of underbrush is carefully supervised in order that 
suitable shrubs and plants will be left. All work done by public service 
corporations is inspected by a man from the roadside organization. 
Each year thousands of trees, vines and shrubs are planted to enhance 
the beauty, to hold a slope, or to mask an unsightly scar. A nursery 
is operated where all kinds of trees, shrubs and vines suitable for high- 
way purposes are kept in stock. The progress today attained in this 
State in the construction of its highways now permits a response to the 
public demand for neatness and beauty along the roadsides. Also it 
has come to be realized that the surface is not the only part of the road; 
that the shoulders, the slopes and everything adjacent to the surface 
within the highway layout is also a part of the road, and that all should 
be in keeping. To this end the maintenance department endeavors to 
have neat, presentable and sightly roadsides. Dead trees, stumps, un- 
sightly underbrush and the slashing of trees by public service corpora- 
tions are no longer tolerated. 


Discussion 


Mr. Epwin R. Outn: Perhaps Mr. Delano would be willing to 
give us some points as to the question of pedestrians upon State high- 
ways. Every man who drives a car has escaped hitting one with about 
one-nineteenth of a second to spare, and I notice it is a matter fre- 
quently taken up in the public press. 

Mr. DELANO: The construction of sidewalks has long been agitated 
for State highways, but the law has always been such that our respon- 
sibility has ceased at the curb line, and we were not permitted to con- . 
struct them. A section in the recent Enabling Act permits us to con- 
struct sidewalks, if we see fit to do so. Asa result, a great many side- 
walks are being constructed where they are considered necessary, and 
where the towns will agree to maintain and keep them clear of stones 
and surface them if the Department or the town sees fits 

As to traffic control, our study for a traffic control signal includes 
the matter of pedestrian use of the intersection, and, if necessary, pro- 
vision is made either for the signal automatically to appear or to be 
provided by the use of a push button. 
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Question: May I ask Mr. Delano what is the anticipated life of 
these two new roads that are being built, and what it is going to cost 
to maintain them? 

Mr. DeLANno: It is doubtful if anybody knows the life of these 
roads. We have in use roads with surfaces at least thirty years old, 
and they are in good condition. That being so, it is difficult to forecast 
how long a new type will last. Keeping in mind the subgrades and drain- 
age provided, and the method of maintenance, they should last prac- 
tically indefinitely. 

One phase of use which makes it difficult to maintain a surface is 
the distortion caused by too heavy traffic on macadam. This is dif- 
ficult to correct and eventually a new surface may be required. The 
cost is not very great. The cost of surfaces alone is apt to be greater 
during the first year or two of the life of a new road than during the 
next ten years. 

QuEsTION: What would this cost be, approximately? 

Mr. DELANO: From $200 to $250 a mile. The total average cost 
runs around $800 a mile, but this includes everything — putting in new 
drainage, extending surfaces — a lot of betterments. 

QuEsTION: When you speak of a maintenance cost of $200 or more 
per mile for a modern road, what proportion would be due to defects 
from a faulty base rather than to a faulty surface? 


Mr. Deano: Practically none. On roads as constructed today we | 


rarely get anything of that nature. 

QUEsTION: Is that true of the low cost asphalt surfacing such as 
the Cape roads? 

Mr. DeELano: It shouldn’t be true, because in constructing low 
cost surfaces there naturally is justification in taking more of a chance 
with the base than with a high grade road. There may be a section 
where the base is suspected of being a little weak, but rather than build 
a more expensive surface, or even to rip out the suspected section, one 
would put the road in as designed. 

QuEsTION: The reason I asked that question is that a man in 
North Carolina told me that in using the low cost surface roads the 
maintenance was high the first year because of the necessity of correcting 
defective places, due to faults in the base not discovered in putting on the 
surface. The maintenance cost was considerably less the second year, and 
much less the third. I wondered if your experience had been the same. 

Mr. DELANO: Yes, about the same, except that I suppose in this 


State we are not likely to spend much money in surfacing a road where 
we know the base isn’t right. 
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QuEsTION: What is your experience with public service corpora- 
tions in the cities and towns where underground structures have connec- 
tions to be made? - 

Mr. DELANO: We have had a great deal of experience with public 
service corporations along that line. When the company desire to do 
any work of that nature within a State highway, a written application 
is made to the district office for permission, giving the necessary infor- 
mation as to what they want to do and where. An engineer then in- 
vestigates that request with a representative of the company, and makes 
a report to the Boston office, with recommendations. The permit is 
ordinarily granted. It is a somewhat routine procedure and requires 
that the company which are doing the work shall replace that road in 
as good condition as they found it. If they disturb the surface they 
have to restore it to its original condition. Sometimes we find that 
trenches have settled a bit and must be brought up. Ordinarily we do 
not require the company to do it unless they become serious offenders 
in that respect. When settlements become too frequent we generally 
tighten up a little in our inspections and see that the tamping is done 
more carefully and the surface carefully put back. 

QueEsTION: What is the relation between cost and efficiency in 
using crib work as compared with the ordinary retaining wall? 

Mr. DELANO: Crib work costs considerably less. The concrete 
sections and the precast posts can be bought and delivered on the job, 
and they are very readily put in. It is efficient. There are quite a few 
sections of this type of wall on our State highways, and we will have 


more. 
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THE DESIGN OF CONCRETE FORM WORK 


By JosEPpH TUCKER * 


(Presented at a meeting of the Designers Section of the Boston Society of Civil Engineers, 
February 10, 1932) 


WHEN building a reinforced concrete structure, the cost of form 
work constitutes a large item of expense, and therefore a great deal of 
consideration should be given to its economical design and construction. 

Reinforced concrete structures are built universally. There are 
many contractors who specialize in this field, but from observation it 
would seem that very few of them have devoted their energies toward 
the economic manufacture and erection of forms. 

I have been engaged in the form business since 1914, during which 
time I have been in contact with many contractors and am surprised 
to note that few of these contractors are really familiar with form costs. 
Time and again they are not able to discover that they have lost money 
on the forms until the job is completed. 

Here are some of the reasons which I think are responsible for this 
condition: 

1. Contractors use the same unit price for forms for a multiple 
story building as for a one story building. Analysis will disclose that 
this basis is erroneous. For example: A unit cost of 16 cents per square 
foot is used for manufacturing a set of forms; if these forms are to be 
used on a four story building, the cost charged against each square foot 
may be divided by 4, making the actual cost only 4 cents per square 
foot, because the forms are to be used four times. On the other hand, 
if this set of forms is used on a one story building, the cost is actually 
16 cents per square foot. Again, considering erection, the first set-up 
is the most expensive, as it requires much time to get familiar with the 
general layout of the building; but if it is a multiple story structure, 
the men become more efficient as the job progresses, and the cost per 
square foot reduces constantly. 

A set of forms should be used at least four times, for economic 
reasons. Of course, forms used more than four times will prove less 
costly; however, forms used less than four times will necessarily increase 
the cost per square foot. 


* Treasurer, Tucker Concrete Form Company, 
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2. The material is ordered at random without giving study to the 
most practical lengths and widths for the particular job, the result be- 
ing that, when the fabricating of the forms is completed, at least 20 per 
cent of the lumber is wasted, and the contractor has to go to the expense 
of carting the waste away. 

3. The fabricating is left to the carpenter foreman on the job, who 
usually makes up the forms a little longer, and later cuts them to fit 
as he erects; this is due to lack of confidence or experience in designing 
them accurately before starting. He also does not take the trouble to 
see how the particular forms are to be re-used on the upper floors. For 
example: Column sides are geneially reduced in widths and lengths, 
and so are beams and girders. The result is that when he starts re- 
using his forms on the upper floors he is obliged to discard the old set 
and build a substantial portion of another set to suit the new condi- 
tions. And it may be further noted that the carpenter foreman would 
be relieved of considerable responsibility if the contractor would make 
use of ready-made forms, so that the foreman could then devote his 
entire time to erection. 

4. Thought is not given to the stripping of the forms and to access 
panels and clean-out holes. I have seen many jobs where forms had to 
be removed in order to clean out construction refuse, and where the 
carpenters would nail the forms as though they were to remain per-. 
manently. 

Having these conditions in mind, I saw an opportunity for special- 
izing in design, scheduling and making forms for concrete in a mill, 
centrally located, from which delivery to the job of the finished product 
could be made for erection, just as structural steel is fabricated and 
delivered for assembly. 

Such a mill had to be conveniently placed on a large area of land 
which could also be used for storing lumber. It had to be equipped 
with the most modern sawmill machinery, and had to be operated by 
a corps of trained carpenters, who were able to read working drawings. 

Successful fabrication of forms requires the assistance of experi- 
enced engineers who are familiar with the reinforced concrete construc- 
tion, and who have a general knowledge of design and building, so that 
they may understand when and where slabs, beams or columns may 
be broken at a day’s pouring without weakening the structure. 

When a job to manufacture forms is procured, the next necessary 
step is for the form designer to go over the plans with the contractor, 
and together decide how many sets of forms are needed for the particu- 
lar job. The number of sets of forms, of course, depends upon the season 
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of the year, the progress schedule, and the number of stories. This item 
being settled, the form designer determines which system of forms is 
best suited and which material is most fitted for the job. 

We find that it is practical to design the forms by starting with 
the roof plan and working down through the several floors to the foun- . 
dation walls. This is done for the purpose of eliminating as much of 
the remaking of the forms as is possible during the process of erection. 
For example: If a typical beam is 10 by 16 inches on the roof and 12 
by 20 inches on the floor below, the beam bottom must have a reducing 
strip of 2 inches, and the beam sides a reducing strip of 4 inches. As 
a rule, columns diminish in size with multiple stories, and reducing strips 
must be provided. Shoring and bracing of the forms also have to be 
considered so that the shores and braces may be used again, from founda- 
tion walls to the floors and the roof, with the least amount of waste. 

These fundamentals settled, the designer proceeds to draw key 
plans or setting plans and assemblies to determine the method of erec- 
tion and stripping of the forms. He then begins building the job in 
the office on paper, and finds quite frequently that the architect or the 
engineer does not quite complete his details. Here the form designer 
proves to be an important link between the architect or engineer and 
the contractor on the job. Important details not shown on plans are 
ironed out long before the actual work begins, thereby preventing any 
unrecessary delays or expensive mistakes. The key plans are so thor- 
oughly dimensioned that many times they are used as working drawings 
by the carpenter foreman, on the job. 

At this point may I mention that the average architect or engineer 
gives very little consideration to form work when designing a reinforced 
concrete structure. I have found that a great deal of expense is added 
to the cost of building by lack of simplicity in its design. Where pos- 
sible, uniform story heights should be selected, in order to prevent con- 
tinual remaking of column forms, and frequent changes in column 
sizes should be avoided. Beam and girder sizes should be chosen which 
will be typical throughout the entire building, or at least on the same 
floor, even at the expense of a little extra concrete or reinforcing steel. 
Spacing of beams should also be studied for symmetry, and thickness 
of floors should be made constant, wherever possible, as changes in 
these conditions sometimes lead to many costly mistakes on the job. 

By having a good-sized lumber yard connected with the mill, it is 
possible to buy lumber more economically at wholesale prices. Delivery 
in freight carloads at a siding in the yard is essential. Another saving 
may be procured by ordering lumber in random widths and lengths and 
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sorting the material into their respective piles, while being unloaded. 
By so doing the waste in lumber is reduced to approximately 2 per cent. 
Lumber should be piled conveniently in relation to the mill, so that 
there may be very little motion lost in handling the raw material into 
the mill. 

Another saving by having forms manufactured at a plant such as 
this could be obtained in the following manner. When the forms are no 
longer needed on a job, they are hauled back to the yard and there 
reclaimed so that a substantial portion can be used on another job. 
This particular saving is passed along to the various contractors pur- 
chasing ready-made forms. 

Our experience indicates that spruce is the best all-round material 
most suitable for concrete work, especially in New England, where we 
are very close to the source of supply. Spruce may be somewhat more 
expensive than hemlock or fir, but it has greater durability, and there- 
fore can be used many more times. Boards that give best results must 
be fairly dry, milled one face, planed to uniform thickness, and edges 
rough. The reason for rough edges is that when the boards dry out, 
as they will, the fine grout fills the joints between the boards by adher- 
ing to the rough fibers of the edges, thus giving the panel a very smooth 
surface. Matched boards are sometimes mentioned in specifications. 
These may give the concrete a good surface at the first use, but after 
several uses will curl up at the matching, thereby giving the concrete 
a poorer appearance. 

In the making of the forms for column sides, the use of 114-inch 
stock dressed to 1% inches is recommended, even though it is a little 
heavier and more expensive. For beam bottoms 2-inch stock dressed 
to 134 inches should be used for reinforced concrete beams; and seven- 
eighths inch boards should be used for steel beams that are fireproofed. 
For floor panels and beam sides seven-eighths inch boards are used. 

For bracing and supports, 3 by 4 inches has proven to be the most 
practical and economical stick; for instance, it is used as studs and 
rangers on the foundation walls, and later used in the superstructure as 
centering joists, posts and jacks. At the completion of the form work 
this material may be used by the mason for his staging. For girts, a 
4 by 6 inch is commonly used; for column bracing, a 2 by 4 inch or 
2 by 6 inch, depending upon the story heights; and for general tying 
and bracing, a rough 1 by 4 inch is used very generally. 

When making forms it is a good practice to run the boards verti- 
cally in columns, curtain walls and very deep beams, especially on exte- 
rior work, as the joint marks in the concrete will be less noticeable 
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when sunlight strikes the surface. I have seen many good concrete jobs 
spoiled through lack of knowledge of this particular detail. 

During the last five years several types of form material have been 
placed on the market with one particular idea in mind, namely, to give 
concrete a smooth surface with as few joints as possible. It has been 
my experience that too much finishing or rubbing on exterior concrete 
work has proven to be very unsatisfactory, due to change of climatic 
conditions in New England. I have noticed that frost tends to pene- 
trate behind the thin coat of plaster or cement finish, and eventually 
causes it to crack and peal off. 

To accomplish a smooth surface the steel form has been designed, 
but it is limited to walls and slabs. While steel forms have been fabri- 
cated and used for beams and rectangular columns, they have not 
proven practical nor economical, due to the inflexibility of the metal 
form to accommodate the different sizes required for columns and beams 
for various jobs. Several other types of forms have been manufactured 
for the purpose of giving a smooth surface to the concrete. In the Mid- 
dle West a patented metal form giving the surface a pleasing archi- 
tectural design has been used for ceilings with great success. Press- 
wood has been used as a lining or structural board. This material is 
useful for all types of form work and leaves a smooth surface; however, 
the cost of this material is at the present time prohibitive for use in this 
vicinity. Plywood or veneer has been used, but was found unsatisfactory, 
inasmuch as it cannot be used several times. This material cannot with- 
stand much moisture, for it tends to curl when becoming damp. 

Metal forms are adaptable for round columns, have been greatly 
improved, and are in use quite extensively. 

Metal floor pans have been used quite extensively for long spans in 
concrete construction, and from a structural standpoint they are very 
practical, but from an architectural angle they have been found unsatis- 
factory, due to the uneven surface left by the pans. This condition can 
be corrected by building the pans out of press-wood, or by having a 
hung ceiling of metal lath and plaster. 

Metal domes are used for two-way construction and are found eco- 
nomical for long spans. The main function is that they displace a con- 
siderable amount of concrete, therefore bringing lighter loads on to the 
footings. 

My recommendation to the contractor using metal floor domes and 
pans is to build close centering where the engineer requires splay ends, 
cross ribs or bridging, and various other outlets and boxes for the me- 
chanical trades. Close centering is also beneficial to the various mechan- 
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ics on the job, as it gives them a substantial footing upon which to work. 
However, open centering is economical when the building is designed 
very regularly. 

There are many patented devices in the market for the erection 
and stripping of forms, such as column clamps, wall ties, adjustable 
shores, beam hangers, etc. Most of these devices are satisfactory and 
save time and labor, but it takes an experienced contractor to select the 
proper devices for his particular job. 

Experience has taught us that it is most practical to oil the forms 
with a good grade of form oil for both wood and metal forms. It pre- 
vents concrete from adhering to the forms when they are being stripped. 
Forms should be oiled each time they are used. Oiling of wood forms 
also preserves the lumber and reduces shrinkage. The use of double- 
headed nails is economical, as it saves time in stripping and prevents 
breakage of the forms. 

In designing forms, live loads should be considered as well as the 
dead load of the concrete. Forty pounds per square foot is a safe allow- 
ance for live loads. However, if concrete is shot into a hopper, which 
is placed in the center of the floor, the forms directly underneath must 
be reinforced to take care of this condition. 

In vertical sections, such as columns and walls, a horizontal pressure 
will act upon the forms, due to the hydrostatic head of wet concrete. 
Tables showing location of whalers and yokes have been compiled by 
concrete experts to aid the form designer. Thin walls or small co'umns 
should be poured slowly, as pressure depends largely on the speed at 
which the wall or column is being filled. 

For calculating stresses in form lumber 1,200 pounds per square 
inch is allowed for bending, 200 pounds per square inch for horizontal 
shear, 350 pounds per square inch for bearing or crushing across the 
grain, and 1,200,000 pounds per square inch for the modulus of elas- 
ticity. 

Our method of marking forms has been simplified to the nth de- 
gree. Floor panels are marked F; beam sides, B; beam bottoms, BB; 
column sides, C; wall panels, W; footing forms, Ft; bulkheads and 
boxes, Bk. Supporting members are marked as follows: Joists, J; 
Girts, G; Posts and Jacks, P; Studs, S; Rangers, R; and Braces, B, 
etc. 

Two key plans are made for every floor and roof of the particular 
job, one showing floor panels, beam sides, beam bottoms, columns and 
wall panels; and the other plan showing the location and spacing of 
floor joists, posts, jacks and girts. Changes for additions or subtractions 
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required when remaking the forms on the upper floors are shown on 
the key plans for each respective floor level. 

A schedule of material for each job is made and is carefully checked 
off as it is being loaded on to the truck. This facilitates the handling 
of the forms on the job. When the forms land on the job it is very 
important to have an intelligent man in charge of unloading and sorting 
the material, according to our key plans. This man should be able to 
read blueprints. I have found from experience that such a man is a 
great asset to the contractor, as his duties are fully as important as the 
foreman carpenter. With the present high cost of labor, the carpenter 
erecting the forms should at no time have to look for any panel, but 
should find the particular piece right where the work requires it to be. 

Standardizing form making is purely an engineering problem. It 
has been our aim to bring the contractor to a serious realization of 
this fact, and in conclusion will say that it is the function of the engineer 
to do the planning, whereas the craftsman is to do the making. 


OF GENERAL INTEREST 


MEMOIRS 
William Fish Williams * 
Diep OcToBER 1, 1929 


Witu1aM Fisa WILLIAMs, the son of 
Capt. Thomas W. and Eliza Azelia 
(Griswold) Williams, was born on the 
whaling ship, “Florida”, in the South 
Pacific Ocean, somewhere between Tas- 
mania and New Zealand, on January 12, 
1859, in a howling gale of wind. The 
first seven years of his life were passed 
aboard the various vessels of which his 
father was master, accompanied by his 
mother and a younger sister, who was 
also born at sea. 

He received his early education in the 
schools of Oakland and San Francisco, 
California. He was graduated from 
Columbia University, New York, N. Y., 
in 1881, with the degree of Civil Engi- 
neer, and, in 1882, with that of Mining 
Engineer. 

During 1883 Mr. Williams was en- 
gaged in examining mines in Colorado, 
Utah and California, and the years from 
1884 to 1888 were spent in private 
practice as a Civil Engineer in Con- 
necticut. From 1890 to 1893 he served 
as chief engineer of Cumberland Lands, 
Limited, in Stewart County, Tennessee, 


a property of 46,000 acres of farming, 
timber and mineral lands. His work 
during this period included a survey 
of the entire property, laying out of 
town sites, and the location of fifteen 
miles of railroad, as well as designs for 
the mechanical work of the plant. 

From 1893 to 1912 he filled the office 
of city engineer of New Bedford, Mas- 
sachusetts, during which time he repre- 
sented the city as engineer in supervising 
the elimination of railroad grade cross- 
ings in that municipality. Mr. Wil- 
liams likewise served as chief engineer 
of the Fairhaven bridge, constructed 
under his direction at a cost of $1,250,- 
000. The intercepting sewer system 
was also under his direction for two 
years after he went to the State House. 

In 1912 he was appointed chief 
engineer of the Massachusetts Board of 
Harbor and Land Commissioners, and 
later, as engineer of waterways and 
public lands. During this period Mr. 
Williams represented the State of Mas- 
sachusetts in connection with the con- 
struction of the Cape Cod Canal. He 
also conducted a survey and reported 
upon the water and power resources of 
the State. 

In 1920, when the Massachusetts 
Commission of Public Works was 
created, Mr. Williams was appointed its 
bridge engineer, and remained in that 
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capacity until December 6, 1922. At 
this time he was selected by Governor 
Cox as chairman of the Commission, 
in which capacity he directed all State 
highway construction, including the 
operations of the Registry of Motor 
Vehicles, and, in addition, supervised 
the administration of all State-owned 
harbor facilities and. such construction 
as was connected therewith. In this 
position he assumed responsible charge 
of an annual expenditure approximating 
$15,000,000. His administration of 
this important office was marked by an 
utter absence of any public criticism 
and a pronounced improvement in 
efficiency of operation. He retired from 
this office on December 25, 1928, hav- 
ing attained the legal age limit of 
seventy years. 

After his retirement from public office 
Mr. Williams was engaged by the Com- 
monwealth to advise and represent the 
State in connection with a legislative 
measure for the abolition of railroad 
grade crossings. He was similarly em- 
ployed in a consulting capacity to advise 
the Commission to Investigate Pollu- 
tion of Boston Harbor, as well as a com- 
mission appointed to report upon the 
filling in of a portion of Fort Point 
Channel and South Bay in Boston. 

As a public official Mr. Williams was 
an ideal representative. He was not 
only an eminent engineer; he possessed 
to an unusual degree the attribute of 
sound common sense, and, in addition, 
displayed rare executive ability, which 
combination resulted in a high stand- 
ard of efficiency in the conduct of his 
office. He won the respect and complete 
confidence of the many State, county, 
and municipal officials with whom he 
had to deal. He was at his best when 
appearing before the several legislative 
committees having jurisdiction over 
matters affecting his Department. So 
impressed were they with his judgment 
that he once said, “No bill affecting my 
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Department which I - opposed ever 
passed the Legislature during my term 
of office.”’ 

Mr. Williams was a man of unusually 
attractive personality and friendly per- 
suasiveness. Always a thorough gentle- 
man under every circumstance, he was 
able to meet and overcome trying situa- 
tions by virtue of his calmness, poise, 
patience and understanding of human 
nature. His logic was as invariably 
sound and clear as his arguments were 
convincing. He was uniformly popular 
alike with superiors, associates and 
subordinates. His judgment was ex- 
ceptionally keen and extended into a 
wide variety of fields other than that of 
his chosen profession. 

He was a delightful companion, tak- 
ing always a loving, living interest in his 
fellow men and maintaining a broad 
outlook upon life. His early years had 
been filled with adventure, and his 
reminiscences of those experiences re- 
cited in his customary modest and lucid 
style invariably captivated his listeners. 
Mr. Williams numbered among his 
intimates men from every walk of life, 
including many of the leading citizens 
of his State. He was a most welcome 
guest at the firesides of his host of friends 
who loved and sought his companion- 
ship. 

He was a distinguished member of 
the engineering profession for almost 
fifty years without a single blemish on 
his record. His keen powers of analysis 
permitted him to render wise decisions 
respecting problems with which often he 
had enjoyed little previous experience. 
He possessed the rare faculty of develop- 
ing the facts clearly and of drawing 
sound conclusions from them. His 
opinion was widely sought by his fellow 
engineers because of this unusual gift. 

Mr. Williams maintained constantly 
a rigid standard of professional ethics. 
He invariably held himself aloof from 
controversy and endeavored to harmo- 
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nize conflicting opinions. He steadfastly 
refused to deviate from the paths of 
duty as he saw. them, even to favor a 
personal friend.. He stood loyally by 
his superiors whenever put to the test, 
and no official was ever embarrassed, 
even in the slightest degree, by any 
action or.statement of his. He was an 
inspiration to all who were fortunate 
enough to be associated with him in his 
work, and his example might well be 
emulated by the younger generation of 
present-day engineers. 

He died suddenly on October 1, 1929. 
His passing leaves a void in the hearts 
of many who knew him and who had 
learned io love him for his personal 
qualities. The estimate of his oldest 
friend is — 


A noble soul has lived, stamped its 
mark on the world, and gone,- but its 
record will live, and the love and 
admiration we have for him will last 
beyond life’s closing day. For more 
than sixty years I have been his friend 
and confidant. During that long period 
we have never had an unpleasant word. 
I have never known him to have an 
ignoble thought or do a wrong act. He 
was loyal, faithful and true to himself, 
his friends and his duty. 


Mr. Williams was married to Anna 
L. Cornor on April 7, 1883. He is sur- 
vived by two sons, Thomas W. Wil- 
liams, Assoc. M. Am. Soc. C. E., of 
New Bedford, and Harold Williams of 
Pelham, New York; and two daughters, 
Mrs. F. W. Oesting, Jr., of New Bedford, 
and Mrs. James M. Buchanan of Maple- 
wood, New Jersey. Asister, Mrs. Edgar 
R. Lewis, of Prosser, Washington, also 
survives him. 

Mr. Williams was elected a Member 
of the Boston Society of Civil Engineers 
on April 18, 1894. He was also a mem- 
ber of the American Society of Civil 
Engineers. 
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Clemens Herschel* 


Diep Marcu 1, 1930 


CLEMENS HERSCHEL was born on 
March 23, 1842. He passed his boy- 
hood in Davenport, Iowa, and, after 
studying with a tutor he entered the 
Lawrence Scientific School of Harvard 


_ University at the early age of sixteen. 


Graduating in 1860 with distinction 
(summa cum laude), he took an ad- 
vanced course in chemistry for one term, 
and then went to Europe to study 
French and prepare to enter the Ecole 
des Ponts et Chaussées, in Paris. As 
the number of foreigners was limited, 
and the quota was complete, he was 
unable to obtain admission, and went, 
as a consequence, to the Technical 
School at Karlsruhe, Germany, to com- 
plete his education. Long afterward, 
in 1925, the Karlsruhe Technical School 
bestowed upon him the honorary title 
of Doctor of Engineering. 

In 1864 Mr. Herschel returned to the 
United States and opened an office as 
consulting engineer, in Boston, Massa- 
chusetts, doing such work as came to 
hand. He was engineer of the Albany 
Street bridge, built by the city of 
Boston in 1867, and at one time was 
connected with the Boston sewer de- 
partment. The variety of his work is 
indicated by a letterhead of 1871, 
which reads, “Civil Engineering in all 
its branches, Iron and other Bridges 
and Roofs, Hydraulic Engineering, 
Roads, River and Harbor Improve- 
ments, etc., etc.” In 1872 he was ap- 
pointed superintendent of streets of 
West Roxbury, Massachusetts (now 
part of Boston), and from 1881 to 1883 
he was one of the three Railroad Com- 
missioners of Massachusetts. 

Mr. Herschel was engineer of the 
Quinnipiac drawbridge, New Haven, 
Connecticut, erected 1874-1878, and 
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this led to the publication, in 1875, of 
his book on “Continuous Revolving 
Drawbridges.” A bridge of minor im- 
portance, but which is of interest be- 
cause it is still standing and readily 
accessible, is that across the Public 
Garden Pond in Boston. The design, 
prepared in co-operation with an archi- 
tect named William G. Preston, was 
accepted as the result of a prize com- 
petition. 

To one of Mr. Herschel’s inde- 
pendence of thought it was disappoint- 
ing to note that “bridges and roofs” 
did not offer any future for a consulting 
engineer, since their design was falling 
entirely into the hands of large bridge 
companies, where a designer became, 
as he expressed it, merely a ‘‘cog in a 
wheel.”’ He had at one time worked 
under the late James B. Francis, Past 
President and Hon. M. Am. Soc. C. E., 
a hydraulic engineer whom he greatly 
admired, and this, as well as the lack 
of a future in bridge work, naturally 
turned his attention especially to hy- 
draulics. ; 

In 1879 Mr. Herschel was appointed 
hydraulic engineer of the Holyoke 
(Massachusetts) Water Power Com- 
pany. It should be remembered that 
power at Holyoke was developed before 
the days of electrical transmission, and 
the Power Company not only controlled 
the dam, but had also to operate the 
canals which supplied water for power 
to the various mills. During the ten 
yeats that Mr. Herschel held this po- 
sition he built and operated the Holyoke 
Testing Flume, then one of the few 
places in the country for measuring the 
efficiency of hydraulic turbines. All 
the turbines in use in the Holyoke 
mills were tested, and the discharge was 
determined for different gate-openings. 
Thus, every turbine became its own 
water meter, and by reading the gate- 
openings twice a day, an accurate 
record of the use of water for power 
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purposes was obtained. This system 
was of great help in securing an equi- 
table distribution of water among the 
different mills, supplied from the canals 
of the Holyoke Water Power Company, 
and in preventing waste. 

This was not enough. The many 
paper mills used large quantities of wash 
water that did not pass through the 
turbines and was not measured. Mr. 
Herschel gazed on those wash-water 
pipes and pondered. He wondered how 
they could be made to tell how much 
water was passing through them. The 
Venturi meter was the answer, but it 
came too late to be used for measuring 
wash water. As he was wont to re- 
mark, the Venturi meter has been 
used for a great variety of purposes, 
but never for the purpose for which it 
was invented. 

It had been observed by Venturi, in 
1791, that if a liquid flows first through 
a converging and then through a di- 
verging cone, the pressure at the nar- 
row section where the two cones join 
is less than the initial pressure. To 
Venturi, the philosopher, this was 
merely an interesting phenomenon of 
Nature; to Herschel it was.a suggestion 
of a practical and much needed device, 
and, in 1887, he conducted a series of 
tests to determine whether the rate of 
flow could be calculated from this dif- 
ference in pressure. Here, again, his 
training under Mr. Francis was of great 
assistance, as the latter had determined 
in tests on diverging cones the small 
taper necessary for thc down-stream 
cone cf the meter, if the permanent or 
over-all loss of head should be a mini- 
mum. 

The Holyoke tests were so satis- 
factory that the device was patented 
and was named the Venturi meter. 
Thus, Clemens Herschel became “the 
man who made Venturi famous.” He 
was presented with the Rowland Prize 
by the Society for his paper describing 
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- his tests,* and was awarded the Elliott 
Cresson Gold Medal by the Franklin 
Institute for his invention.t+ 

Another piece of important work at 
Holyoke was in practically rebuilding 
the wooden dam across the Connecticut 
River. This had become unsafe and 
threatened to give way, but when re- 
paired and filled with gravel it lasted 
as long as necessary, that is, until it 
was replaced, after Mr. Herschel left 
Holyoke, by a stone dam built below it. 
In connection with the work on the 
dam Mr. Herschel added to the di- 
versity of his accomplishments by 
going down in a diving suit, because he 
did not believe what the divers told him 
and he wanted to see for himself. 

In 1889 Mr. Herschel was made chief 
engineer and superintendent of the East 
Jersey Water Company, and gave up 
his position with the Holyoke Water 
Power Company. The East Jersey 
Water Company was organized to 
build works to provide a large addi- 
tional water supply to Newark and 
other New Jersey communities. These 
works included dams and reservoirs on 
the Pequannock River, and a riveted, 
steel pipe line which was one of the first 
of that type to be built in the East. 
A contract was made on September 24, 
1889, with the city of Newark, to build 
works to supply 50,000,000 gallons of 
water per day to that city, the works 
to be finished by May 1, 1892. Even- 
tually, two pipe lines were laid and the 
capacity was increased to 80,000,000 
gallons. 

It was on the works of the East 
Jersey Water Company that the Venturi 
meter had its first practical application. 
About thirteen meters were used, and a 
daily record was kept of all water enter- 
ing the pipes and of water delivered. 
From this beginning the use of the 
Venturi meter has spread over the entire 
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world, not only for water, but also for 
measuring gas and steam and other 
fluids.. Noteworthy on account of their 
great size are the meters of the Catskill 
Aqueduct, which measure the water 
consumption of New York City. 

It was during Mr. Herschel’s service 
with the East Jersey Water Company 
that he published, in 1897, ‘115 Hy- 
draulic Experiments,’’ on the flow of 
water in pipes and conduits. He left 
that company in 1900, after the works 
for the city of Newark had been finished 
and turned over to the city. 

Since 1884 Mr. Herschel had been 
consulting engineer of the largest power 
developments at Niagara Falls, includ- 
ing the work of the Cataract Construc- 
tion Company and the Niagara Falls 
Power Company. In earlier develop- 
ments at Niagara Falls the head was 
subdivided or part wasted, and power 
was distributed by shafting. The ready- 
made turbines available at that time 
in the United States could not be used 
for the high heads and the large volumes 
of water available at Niagara Falls, and 
electrical transmission of power seemed 
desirable. To consider these questions, 
an International Commission of five 
members was appointed, Mr. Herschel 
being the only American member. 

This work brought him into contact 
with European and especially with 
Swiss builders of hydraulic turbines, 
and the decision was reached to obtain 
from Europe turbines built to order for 
the head and discharge available, and 
with a speed suitable for driving electric 
generators. 

Turbines were first imported from 
Switzerland about 1904, but later the 
building of large power hydraulic tur- 
bines designed for predetermined condi- 
tions was established in the United 
States, largely as a result of the ex- 
perience of the Niagara Falls Power 


* Transactions, Am. Soc. C. E., Vol. XVII (July-December, 1887), p. 228. 
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Company with Swiss turbines. Mr. 
Herschel was the first manager of the 
Hydraulic Engineering Department of 
the Allis-Chalmers Company, but re- 
signed when the company’s office was 
moved from New York to Milwaukee, 
Wisconsin. With his intense love for 
Boston, he considered even New York 
as ‘‘too far west,’ and Milwaukee was 
unthinkable. 

Mr. Herschel devised an application 
of the Venturi meter, which he called a 
“fall increaser,’’ to increase the power 
of hydraulic turbines when low head was 
experienced in times of flood. This, 
however, was never put into practice, 
and conical draft-tubes, and other 
features of more recent turbine design, 
have rendered it unnecessary. 

Mr. Herschel continued to act as 
consulting engineer, with his office at 2 
Wall Street, New York. He was one of 
a commission of three engineers who 
examined the plans for the New York 
City Aqueduct in 1910, before they were 
approved by the Board of Estimate and 
Apportionment. In 1920 he read a 
paper before the American Society of 
Mechanical Engineers on ‘‘ An Improved 
Form of Weir for Gaging in Open Chan- 
nels,” in which he described a method of 
reading pressures in a perforated pipe 
placed at the crest of the weir, and of 
calculating the flow from these readings. 

He was a frequent contributor to the 
technical journals, and was always ready 
to champion the Venturi meter with 
vigor. Although he had written “A 
Farewell Word on the Venturi Meter,”’ 
in April, 1929, at the age of eighty-seven, 
we find him back again on the firing 
line with a letter* to the editor of ‘‘En- 
gineering News-Record,’’ written when 
confined to his home, and dated ‘‘Glen 
Ridge, N. J., August 28, 1929.” 

Among the obviously professional 
parts of Mr. Herschel’s engineering 
career there is none more prominent 
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than his contributions to what may be 
called engineering science. It -was 
fundamental with him in seeking the 
solution of any important engineering 
problem to make a searching general 
analysis of all its features leading to 
results constituting a marked advance 
in engineering practice. His profes- 
sional work from its beginning to its 
end exhibited such marked advances 
as in his papers on drawbridges and 
other continuous trusses and on the 
Venturi meter, and in other cases of 
similar character. The same desire to 
give intellectual quality and finish to 
his professional work is gracefully shown 
in his translation of Frontinus on the 
water supply of Ancient Rome. 

These characteristics of his practice 
as a civil engineer just at the time when 
civil engineering was taking its place as 
a profession in the United States made 
him one of its marked pioneers, es- 
pecially in hydraulic engineering. His 
excellent educational equipment com- 
bined with a trained analytic mind was 
well timed to act upon the opportuni- 
ties offered by the profession of civil 
engineering then coming into being. 
In fact, it is due to him and a few others 
associated with him that hydraulic 
engineering has been developed to its 
present status in this country. 

His most remarkable literary achieve- 
ment, and the culmination of years of 
study, was the publication, in 1899, of a 
translation from the Latin into English 
of the ‘‘ Two Books on the Water Supply 
of the City of Rome,” by Sextus Julius 
Frontinus. Like many another, Mr. 
Herschel had forgotten the Latin learned 
in his youth, but, nothing daunted, he 
undertook the task with the help of a 
French and a German translation, and 
produced the first translation to appear 
in English. 

Mr. Herschel enjoyed unusually good 
health until the last year of his life, and 


* Engineering News-Record, September 12, 1929. 


OF GENERAL INTEREST 


commuted daily from Glen Ridge, New 
Jersey, to his office in New York. 

He was married, in 1869, to Grace D. 
Hobart of Boston, who died in 1898; 
- he was married a second time, in 1910, 
to Jeanette B. Hunter of Thompson- 
ville, Connecticut. His children, all of 
whom survive, are Arthur H., Winslow 
H., and Clementine (Mrs. Hobart 
Rawson), by his first wife, and one son, 
Clemens, by his second wife. 

Mr. Herschel was Treasurer of the 
Boston Society of Civil Engineers from 
1874 to 1880, and was President of that 
Society in 1890-1891. At the time of 
his death he was Past President and 
Honorary Member both of the American 
and of the Boston Society of Civil 
Engineers. He always loved Boston 
and the Boston Society, and directed 
in his will that his engineering books 
should be given to the Boston Society 
and to the Boston Public Library. His 
correspondence of many years has been 
given to the Engineering School of 
Harvard University. 

In addition to the memberships men- 
tioned, Mr. Herschel was a member of 
the Union Club of Boston, the Century 
and Engineers’ Clubs of New York City, 
and a Life Member of the Institution of 
Civil Engineers of London, England. 

Mr. Herschel was elected a Member 
of the Boston Society of Civil Engineers 
on June 8, 1874, and an Honorary 
Member on March 5, 1915. 


Hector James Hughes* 
Diep Marcu 1, 1930 


Hector James HuGHEs was born on 
October 23, 1871, at Centralia, Penn- 
sylvania., His parents were James H. 
and Mary (Miller) Hughes. He was 
prepared for college partly at the 
public schools of. Williamsport, Penn- 
sylvania, partly by a tutor, and partly 
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by his private studies. For more than 
two years before entering Harvard 
College he worked as a clerk. His 
studies, which gave no indication of his 
coming career, were mainly the classics, 
German, French, English, history and 
economics. In 1894, when he was 
graduated from Harvard College with 
the degree of Bachelor of Arts, he re- 
ceived honorable mention in the last 
named subjects. 

Immediately following his gradu- 
ation Mr. Hughes accepted a position 
as a rodman in the office of the chief 
engineer of the town of Brookline, 
Massachusetts. He worked in _ this 
capacity until the fall of 1897, by 
which time he. was entirely sure of his 
profession, for he then registered in 
the Lawrence Scientific School of Har- 
vard University as a third-year student 
in civil engineering, receiving the de- 
gree of Bachelor of Science in 1899. 
He also served as assistant in mechanics 
in 1898 and 1899. He then accepted 
a position in the office of the chief engi- 
neer of the Chicago, Burlington & 
Quincy Railroad Company, in Chicago, 
Illinois, and, in 1900, was assigned to 
take charge of certain pieces of con- 
struction work in Iowa. From April to 
August, 1902, he was employed by the 
American Bridge Company, at Pitts- 
burgh, Pennsylvania. 

In the fall of 1902 Mr. Hughes was 
appointed instructor in hydraulics at 
Harvard University, and from that time 
made Cambridge, Massachusetts, his 
home. His successive appointments. in 
his chosen field were as assistant pro- 
fessor of hydraulics and sanitary engi- 
neering, 1903 to 1908; assistant pro- 
fessor of civil engineering, 1908 to 1913; 
associate professor of civil engineering, 
1913 and 1914; and professor of civil 
engineering, 1914 to 1930. From Sep- 
tember, 1906, to 1911, in addition to 
his teaching, Professor Hughes was a 


* Memoir prepared by Theodore Reed Kendall, M. Am. Soc. C. E., M. Bou. es 
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member of the firm of Burke & Hughes, 
consulting engineers, of Cambridge. 

Professor Hughes’ contributions to 
the science of engineering include “A 
Treatise on Hydraulics’ (with A. T. 
Safford, M. Am. Soc. C. E.), ‘‘Roads 
and Toll Roads in America,” “ High- 
way Engineering Education,” and two 
articles on roads for the Cyclopedia of 
American Government. He was a mem- 
ber of many scientific bodies, including 
the American Society of Civil Engineers, 
the American Society for Testing Ma- 
terials, the International Navigation 
Congress, the Society for the Promotion 
of Engineering Education, the American 
Society of Civil Engineers, the National 
Association of State Highway Officials, 
the American Society for Municipal 
Improvements, and the American Road 
Builders Association. He was also a 
Fellow of the American Association for 
the Advancement of Science, a mem- 
ber of the American Academy of Arts 
and Sciences, and the Harvard Engi- 
neering Society. He was a member of 
the Harvard Club of Boston, Massa- 
chusetts, of the Oakley Country Club, 
Belmont, Massachusetts, the Woods 
Hole Golf Club, at Woods Hole, Massa- 
chusetts, and the Kittansett Club, 
Marion, Massachusetts. 

Professor Hughes was a regular at- 
tendant at the annual meetings of the 
Society and made frequent trips to 


New York City to attend the meetings * 


and the annual dinners of the Harvard 
Engineering Society, in the development 
of which he showed constant interest. 
Hector James Hughes was dis- 
tinguished chiefly as an administrative 
officer. His executive capacity was 
first evidenced by the conspicuous suc- 
cess of his administration of the Har- 
vard Engineering Camp, at Squam 
Lake, New Hampshire. This led to his 
appointment as its director in 1909, an 
appointment which he held until the 
close of his life. The many students 
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who subjected themselves to the hard 
work and rigid discipline of the camp 
look back with satisfaction on that 
experience. } 

During the life of the co-operative 
agreement between Harvard University 
and the Massachusetts Institute of 
Technology, Professor Hughes, with 
other Harvard professors, gave instruc- 
tion at the Institute. On the estab- 
lishment of the Harvard Engineering 
School, in 1919, he was appointed chair- 
man of the Administrative Board, and, 
in 1920, was appointed dean of the 
school. He held this appointment until 
his death. 

The record of Hector James Hughes 
as dean is one of faithful devotion, of 
sanity, and of clarity of mind in meeting 
the problems of re-establishing and 
developing the Harvard Engineering 
School; of a quiet insistence on the 
maintenance of the highest ideals in the 
work of the school; of firmness, under- 
standing and sympathy in his relations 
with students; and of unfailing help- 
fulness in his contacts with his col- 
leagues. 

On April 15, 1902, he was married 
to Elinor Lambert of Cambridge, who, 
with their two daughters, Katharine 
Porter and Elinor Lambert, survives 
him. : 

The following appreciation of Pro- 
fessor Hughes appeared in the Harvard 
Engineering Society Bulletin for April, 
1930: 


A Soldier has gone West. 

He might have spared himself and 
enjoyed his one recreation — golf — 
and remained with us for a score of 
years, but that was not his way. He 
stayed at his post until it was too late 
to reinforce his ebbing strength. 

Few of us have known the real Hector 
James Hughes until the last few years 
when we began to realize the burdens 
he had assumed. It was his aim to 
relieve the other members of the 
Faculty as much as possible of all ad- 
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ministrative work, taking unto himself 
those labors that the staff might give 
itself unstintingly to teaching. We 
know that the success of the Harvard 
Engineering School is in large measure 
due to Dean Hughes’ administrative 
zeal. 

Dean Hughes’ memory will stand as 
a guiding beacon to all Harvard engi- 
neers, an example of determination 
and faithful performance of duty as he 
saw it. 


The Harvard Alumni Bulletin of 
March 13, 1930, carried the following 
words of appreciation: 


In the death of Dean Hughes, the 
University has lost a leader whose 
guiding hand was greatly needed in the 
further devélopment of its instruction 
in engineering. Of the personal be- 
reavement his passing brings to friends 
and colleagues in the University and the 
profession, this is not the place to 
speak at length. There was in him a 
kind of honest sweetness, a slightly 
quizzical kindliness and faithfulness in 
the performance of the day’s work, that 
endeared him to all with whom he 
came into continued contact. He took 
his tasks and problems seriously and 
brought to them great clarity of mind 
and an essential common sense; but he 
had in him nothing of the showman or 
the propagandist. His was a leader- 
ship that was especially of value under 
the circumstances which have attended 
the growth of the Engineering School 
since 1920. 

The task he faced [in reorganizing 
the Harvard Engineering School after 
1918] had in it unusual elements of 
difficulty. A great co-operative plan 
had been abandoned because of legal 
difficulty under the McKay bequest. 
The Engineering School was thrust back 
into the University as an undergraduate 
department, and it had to find itself 
anew. The Dean had to reunite the 
Faculty that had been merged for a 
time into a larger and more complex 
organization and thus in part disrupted. 
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The business of building technical cur- 
ricula for undergraduates and yet main- 
taining close connections with Harvard 
College had to be safely and expedi- 
tiously accomplished. There were 
courses to be organized, men to seek, 
machinery to set up and rehabilitate, 
and students to attract without a fall- 
ing off in standards. The McKay 
endowment gave to the school the 
promise rather than the reality of 
affluence. The whole enterprise had to 
be reconceived, established on a per- 
manent and satisfactory basis, and 
made to commend itself by its results. 

Into the complexities of this situ- 
ation Dean Hughes brought a patient, 
painstaking, experimental industry. 
The school made no dramatic moves, 
but it went forward quietly, steadily 
and continuously. It faces now its 
greatest problem. Just as Harvard 
College was taking on a new character 
under the house plan, with resulting 
perplexities as to the disposition of the 
undergraduates in engineering, the 
school has been robbed of a leader who 
had won affection, respect and confi- 
dence in every quarter. It is hard to 
estimate the debt it owes to his watch- 
fulness and insight. 


Professor Hughes was elected a 
Member of the Boston Society of Civil 
Engineers on April 15, 1903. 


Allen Hazen* 
Diep Jury 26, 1930 


ALLEN Hazen, the son of Charles 
Dana and Abbie (Coleman) Hazen, was 
born in Hartford, Vermont, on August 
28, 1869. He attended the schools of 
his native town and the New Hampshire 
College of Agriculture and .Mechanic 
Arts, from which he was graduated in 
1885. 

After completing a special course in 
sanitary chemistry at the Massachu- 
setts Institute of Technology, in 1888, 
Mr. Hazen was appointed, on the 


* Memoir prepared by George W. Fuller, M. Am. Soc. C. E., Ms, Bs Ses 
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recommendation of Dr. T. M. Drown, 
then chief chemist of the Massachusetts 
State Board of Health, to take charge 
of the Board’s Experiment Station at 
Lawrence, Massachusetts. The Law- 
rence investigations were a_ classic 
pioneering work in the methods of puri- 
fication of water and sewage from a 
combined engineering, chemical and 
biological viewpoint, and did much to 
direct attention to and confirm the 
germ theory of disease. With numerous 


severe epidemics of typhoid fever, this . 


was a critical period in the development 
of improved water supplies for cities in 
the United States. 

While Mr. Hazen was at Lawrence an 
epidemic of Asiatic cholera occurred at 
Hamburg, Germany, and the American 
public was much disturbed by the 
appearance of that disease on ships in 
New York Harbor. Under these stimu- 
lating circumstances, the investigations 
at Lawrence were continued and in- 
cluded extensive studies by Mr. Hazen 
of methods of measuring the physical 
properties of sands, gravels and other 
materials, and of comparing their suita- 
bility for practical use in water or 
sewage filters. Widespread attention 
was given to the data of the Lawrence 
Station which was installed initially to 
demonstrate the feasibility of disposing 
of the sewage from the North Metropoli- 
tan Sewerage District of Boston on the 
Saugus marshes, or otherwise by ‘land 
treatment.’’ In fact, the Lawrence 
results, as contained in the State Board 
of Health reports for several years 
beginning in 1890, were regarded as 
epoch-making in establishing this 
branch of sanitary science on a sound 
modern basis; and this view was shared 
throughout the world, not only by 
engineers, but by medical health officers 
and laboratory workers in various fields. 

In the design and supervision of con- 
struction of the intermittent sand filter 
for the Lawrence water supply, drawn 
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from the polluted Merrimack River, the 
late Hiram F. Mills, Hon. M. Am. Soc. 
C. E., Engineer Member of the Massa- 
chusetts State Board of Health, who 
was assisted in that work by Mr. Hazen, 
availed himself of various studies and 
practical tests at the experiment station. 
In fact, the methods of mechanical 
analysis of sand developed by Mr. 
Hazen were at once adopted by engi- 
neers as standard, and have been used 
almost exclusively since then. ; 

Mr. Hazen’s next work was at the 
World’s Fair in Chicago, Illinois, in 
1893, where he was in charge of the dis- 
posal of sewage at the Fair grounds. 
Following this service he spent a year in 
Europe in travel and study, including 
courses in hydraulics and structures at 
the Dresden Polytechnic Institute. 

Soon afterward he entered private 
engineering practice in Boston, Massa- 
chusetts, with the late Albert F. Noyes, 
M. Am. Soc. C. E., under the firm name 
of Noyes & Hazen. After Mr. Noyes’ 
death, in 1896, Mr. Hazen transferred 
his offices to New York City, and, in 
1897, was engaged in the design and 
construction of the water filter plant at 
Albany, New York, the first modern, 
continuously operating, slow-sand filter 
plant in the United States. 

In 1904 Mr. Hazen formed a partner- 
ship with the late George C. Whipple, 
M. Am. Soc. C. E., which continued 
until Professor Whipple’s death in 1924. 
In later years there were associated with 
him, in this engineering practice, Weston 
E. Fuller, Malcolm Pirnie and Chester 
M. Everett, Members, Am. Soc. C. E., 
and Mr. L. N. Babbitt. 

While in early years water purification 
was a major item in the practice of the 
firm, its activities related to all branches 
of engineering in the fields of water 
supply and water distribution, es- 
pecially dams and large pipe lines, as 
well as valuation work for rate-making 
and municipal acquisition. Mr. Hazen 
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served a large number of the prominent 
water departments and water companies 
in various parts of North America. In 
1906 he advised the Water Department 
of Brisbane, Queensland, Australia. 

He was particularly interested in 
hydraulics and in hydrography, and, 
in addition to writing many papers on 
sanitary subjects, made a number of 
valuable and practical contributions to 
engineering literature on the subject of 
run-off of streams. He also wrote 
several books on subjects of interest to 
waterworks engineers and _ officials, 
including ‘Filtration of Public Water 
Supplies,” “Clean Water and How to 
Get It,’ “Meter Rates for Water 
Works,” and ‘Flood Flows,” published 
in 1930. In collaboration with Gardner 
S. Williams, M. Am. Soc. C. E., he 
compiled a volume of ‘Hydraulic 
Tables,’ a book which is in extensive 
use. He was also editor of the Water 
Supply Section of the American Civil 
Engineer’s Pocket Book. 

He was very active in the affairs of 
the American Society of Civil Engineers, 
and frequently contributed papers and 
discussions to its publications. 
he received the Thomas Fitch Rowland 
Prize for his paper entitled ‘The Albany 
Water Filtration Plant,’’* and in 1915 
the Norman Medal was awarded to him 
for his paper entitled ‘‘Storage to Be 
Provided in Impounding Reservoirs for 
Municipal Water Supply.”t He also 
represented the Society on various 
committees, several of which are in- 
cluded in the following: Special Com- 
mittee to Codify Present Practice on 
the Bearing Value of Soils for Founda- 
tions (1916-1926); Joint Committee of 
Founder Societies Finance Committee 
on Joint Activities (1926-1927); Vice- 
Chairman, Executive Committee of the 
Board of Direction (1927); Honorary 
Membership Committee (1927); Com- 


In 1900. 
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mittee on Soils (1928-1929); National 
Research Council (1930); and Com- 
mittee on Dams (1930). 

Mr. Hazen was a thorough student 
who acquainted himself personally with 
the various details of all his problems. 
He applied to them an unusually clear 
insight, and thus drew conclusions 
quickly and with precision. He had a 
remarkable aptitude for clear and con- 
cise statement, both in speech and in 
writing, to which he added exceptional 
skill in putting the results of his inves- 
tigations into simple and practical form 
so that others could readily make use 
of them. 

The influence of Allen Hazen’s 
leadership in advancing waterworks 
practice during his engineering day and 
age was unquestionably great. That 
leadership was due largely to his unusual 
capacity for clear, straight thinking on 
all major elements of an engineering 
proposition, and to a dominating per- 
sonality. In whatever he undertook 
he was practical, sound, progressive, 
constructive and tenacious. In_ his 
death from heart disease at Miles City, 
Montana, while taking a combined 
pleasure and business trip in the West, 
America lost one of its greatest engi- 
neers. 

Mr. Hazen was an Honorary Member 
of the American Water Works Asso- 
ciation. He was also a member of many 
engineering and_ technical societies in 
the United States, Canada, England 
and France. He received honorary 
degrees of Doctor of Science from New 
Hampshire College in 1913 and from 
Dartmouth College in 1917. 

In 1902 he was married to Elizabeth 
McConway, the daughter of William 
McConway, one of the leading citizens 
of Pittsburgh, Pennsylvania. He is 
survived by Mrs. Hazen, four daughters, 
and two, sons. 


* Transactions, Am. Soc. C. E., Vol. XLIII (June, 1900), p. 244. 
+ Loc. cit., Vol. LXXVII (December, 1914), p. 1539. 
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At its meeting on September 29, 
1930, the Board of Direction of the 
American Society of Civil Engineers. 
adopted the following resolution: 


In the death of Allen Hazen the engi- 
neering profession has lost a distin- 
guished member who gave generously of 
his time and energy in its advancement. 

During his thirty-four years of mem- 
bership in the American Society of 
Civil Engineers Mr. Hazen served as 
director for three years, as vice-presi- 
dent for two years, and on many im- 
portant committees: 

The Board of Direction, cognizant of 
his loyal and active interest in the 
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affairs of the Society, his contributions 
to technical literature, and his exem- 
plification of the highest ethical stand- 
ards, desires to place on record its ap- 
preciation of his services and to pay 
tribute to his qualities and attainments 
as a man and an engineer. 

The Board hereby records its deep 
regret at the loss of Mr. Hazen, and 


extends its sincere sympathy to the 


members of his family. 


Mr. Hazen was elected a Member of 
the Boston Society of Civil Engineers 
on December 19, 1894. 
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MINUTES OF MEETINGS 
Boston Society of Civil Engineers 


Aprit 20, 1932. — A regular meeting of 
the Boston Society of Civil Engineers was 
held this evening in Chipman Hall, Tre- 
mont Temple, and was called to order by 
the President, Ralph W. Horne. There 
were about 90 members and guests pres- 
ent. Previous to this meeting 55 members 
attended the usual buffet supper. 

The President announced the death of 
the following members: Herbert C. Dag- 
gett, died March 17, 1932, member since 
April 20, 1927; Charles L. Edgar, died 
April 14, 1932, member since January 27, 
1915; Elwyn L. Russell, died March 20, 
1932, member since December 20, 1922; 
Edward S. Smilie, died March 21, 1932, 
member since April 18, 1883. 

The Secretary announced that the fol- 
lowing had been elected to membership: 

Grade of Member: William L. Hyland, 
Erling Albert Hanson,* John O. Har- 
maala,* John Joseph Vertic.* 

Grade of Junior: Nathan N. Drucker. 

The President presented the matter of 
proposed amendments to the Constitution 
to provide for the grade of Student Mem- 
bers. The proposed amendments to the 


Constitution are as follows, and are indi- 
cated by italics: 


AMENDMENTS TO CONSTITUTION 
PROPOSED READING 


Article II, Membership 


The Society shall consist of Members, 
Honorary Members, Juniors, Students and 
Associates. ‘ 

Juniors shall be not less than eighteen 
years nor more than twenty-five years of 
age, and their connection with the Society 
shall cease when they become twenty-six 
years of age, unless they be previously 
transferred to another grade. They shall 
be in active practice in some branch of 
engineering, or other technical profession, 
or graduates from a school of engineering 
of recognized standing. Students shall be 
students in a school of engineering of recog- 
nized standing. Their membership shall 
cease at the annual meeting following the 
severance of their connection as students, 
unless they shall have transferred to another 
grade of membership. 


Prof. J. B. Babcock stated that the pro- 
posed amendments should induce students 
in technical schools to become members 
and at reasonable cost. 

Voted, That the proposed amendments 
to the constitution be adopted. 


* Transfer from Grade of Junior. 


——— 
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' dollars; 


PROCEEDINGS OF THE SOCIETY 


The President stated that, in accordance 
with the provisions of the Constitution 
relative to amendments, this matter will 
be presented to the membership for letter 
ballot which will be canvassed May 18, 
1932. 

The President presented proposed 
amendments to the By-Laws to provide 
as follows: 

1. To fix the date of the September 
meeting as the fourth Wednesday of the 
month, 

2. To provide for the election of Student 
Members and to fix dues for that grade. 

The proposed amendments to the By- 
Laws are as follows, and are indicated by 
italics: 


AMENDMENTS TO By-Laws 
Article 1. 


Regular meetings of the Society shall 
be held on the fourth Wednesday in Jan- 
uary and September and on the third 
Wednesday of the other months, excepting 
July and August, unless otherwise author- 
ized by the Board of Government. 


Meetings 


Article 7. Election of Members 
(Add new paragraph at end of Article 7) 


An applicant for Student Membership 
shall submit a statement that he is a bona 
fide student in the Institution which he 1s 
attending. This statement shall be signed 
by the Dean, Registrar or other officer of 
the Institution acceptable to the Board of 
Government. 


Article 8. Fees and Dues 


(First Paragraph) 


The entrance fee for Members and Asso- 
ciates shall be ten dollars, and for Juniors, 
five dollars; a Junior transferred to the 
grade of Member or Associate shall pay 
an additional fee of: five dollars. There 
shall be no entrance fee for Students. Stu- 
dents who transfer to another grade shall 
pay the entrance fee for that grade when the 
transfer is made. ‘ 


(Second Paragraph, First Sentence) 


The annual dues, payable in advance at 
the Annual Meeting, shall be as follows: 
by Resident Members and Associates, ten 
by Non-Resident Members and 
Associates, six dollars; by Resident 
Juniors, five dollars; by Non-Resident 
Juniors, four dollars; and by Students, 


323 


three dollars, for a full year or fraction 
thereof. 


Voted, That the proposed amendments 
to the By-Laws be adopted. 

The President stated that, in accord- 
ance with the provisions of the By-Laws 
relating to amendments, this matter will 
be finally acted upon at the next meeting 
of the Society, May 18, 1932. 

The President stated that he attended 
today the meeting of students at North- 
eastern University, at which there was 
presented. the scholarship known as the 
Boston Society of Civil Engineers Scholar- 
ship, in memory of the late Desmond 
FitzGerald, to John L. Freiheit, a member 
of the class of 1932, in accordance with the 
vote of the Board of Government. 

The President announced that at its 
meeting on March 16, 1932, the Board 
of Government had elected to Honorary 
Membership, Prof. C. Frank Allen, now 
the senior member of the Society, and 
that at the present meeting the diploma 
of membership would be presented. Pre- 
vious to this presentation the President 
called on Prof. Charles B. Breed to read 
a biographical sketch of Professor Allen. 
Following this, the President presented 
the diploma of Honorary Membership to 
Professor Allen, who responded fittingly 
in accepting this honor. 

The diploma read as follows: 


Boston Society of Civil Engineers 
In recognition of his many years of 
useful accomplishments as an engineer, 
author and teacher, and the wise counsel 
which has been so helpful to the numerous 

committees on which he has served — 

CALVIN FRANCIS ALLEN 
Past President and Senior Member 
has been duly elected an 
Honorary Member 
of the 
Boston Society of Civil Engineers 


By direction of the Board of Government 
March 16, 1932 


(SEAL) Harry E. SAWTELL, 
President. 
Everett N. HutTcuHIns, 


Secretary. 
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The President introduced Prof. Walter 
C. Voss, Associate Professor of Building 
Construction, Massachusetts Institute of 
Technology, and Consultant in Archi- 
tectural Construction, who gave a paper 
on ‘‘Bond in Masonry Construction.” 

The paper was illustrated by lantern 
slides. A general discussion and question 
period followed the paper. 

The meeting adjourned at 9.30 P.M. 

Everett N. Hutcuins, Secretary. 


Designers Section 


Aprit 13, 1932. — The regular meeting 
of the Designers Section was called to 
order at 6.10 p.m. by the Chairman, Law- 
rence Ropes, in the Affiliation Rooms. 

The minutes of the March meeting 
were read and approved. 

The Chairman called attention to the 
fact that a meeting in the fall would be 
set aside for the explicit purpose of allow- 
ing members of the Section to present 
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papers. A special invitation is extended 
to the younger men. Those interested 
should get in touch with the officers or 
executive committee. 

The two speakers were Mr. W. W. 
Bigelow and Mr. O. G. Julian, both engi- 
neers with Jackson & Moreland. Their 
subject was the ‘‘Hardy-Cross Method 
for the Analysis of Continuous Frames.” 
Mr. Bigelow discussed the elementary 
principles involved, and illustrated his 
remarks with the use of a model. Mr. 
Julian discussed in some detail the theory 
and mathematics involved. 

Folders prepared by the speakers were 
provided for all those present. These 
folders contained information similar to 
that presented by Mr. Bigelow and Mr. 
Julian, and, in addition, several illustra- 
tive examples. 

A general discussion followed the talks. 

Forty-seven members and guests were 
present. 

The meeting adjourned at 8.15 p.m. 

HERMAN G. Dresser, Clerk. 
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